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Introduction
Over the years, society has evolved technologically to the point where we
become dependent on technology. Today, nearly everybody have smartphone devices.
This leads to the popularity of portable chargers since portable devices do not have a
constant source of power. Even most portable chargers share the same problem as
portable devices, which they both share a finite amount of battery power before needing
to recharge at a power outlet. Ultimately, they are just temporary solutions to the
problem of the lack of power. However, society assumes the abundance of electric
power sources where they view them as an infinite resource. As a result, situations that
arise where access to power sources become unavailable, the realization that electricity
identifies as a finite resource induces a sense of fear in people. Even for those living in
third world countries, the access to electricity is a major improvement in their everyday
lives. However, the availability of other power sources exist. Many human-powered
generation methods in the past decades have shown indication of advancement[1].
These sources share one common trait; they can generate power. One of these power
generating methods is through induction charging.
Induction charging takes advantage of Faraday’s Law, where the change in the
magnetic field and magnetic flux will generate voltage. This is done through a magnet
and a coil of wire. By using these two items, power can be generated through constant
motion shifts of the magnet within the coil of wire. This is essentially a form of “free”
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power as the only cost aside of material costs is human effort. By utilizing this concept,
portable charging devices can be used as a form of human-powered generation.
However, one problem with induction coil charging is that it generates AC power.
This is a problem because devices that typically needs charging are mainly cell phones
or other similar devices. These devices require DC voltage. Therefore, AC-DC
conversion is a necessity in order to make the device work. One common method for
AC-DC conversion is the full-wave rectifier. In addition, many devices have different
voltage requirements. DC-DC voltage conversion serves as a vital tool to gain access to
a wider range of devices. For example, the LM2621 has converting capabilities of
converting input voltages between 1.2V and 14V to output voltages between 1.2V and
14V with an efficiency of 90%[2]. Voltage conversion promotes efficient use of power
since it can select appropriate voltages for a specific device. As a type of voltage
converter, Switch-mode power supplies uses rectification, filtering, and a varied duty
cycle to change unregulated DC voltage into regulated DC voltage[3]. Given the various
methods of voltage conversions, induction coil power generation is a self-sustaining way
of providing power to those in need of electricity without access to a power source.
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Design
The overall design of the device utilizes a full-wave rectifier, DC-DC Buck
Voltage Converter, coil of wire, and a magnet. The idea is to use the coil of wire and the
magnet to generate AC voltage through induction. The full-wave rectifier then takes the
AC voltage and converts it into DC voltage. The DC voltage is then input into DC-DC
Buck Voltage Converter to produce the desired output voltage. The setup can be seen
in Figure 1.

Figure1. Setup of Induction Coil Power Generator
The coil of wire generates voltage by constantly moving the magnet in and out of
the coil. This is done by using a spring that is placed at bottom of the wired coil. The
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spring serves as a way to bounce the magnet back after initially pushing it down. This
relieves some of the work that the user and only requires the user to push the magnet
down repeatedly. The inside of the wired coil is shown below in Figure 2.

Figure 2. The spring on the bottom of the wired coil

Schematic
Regarding the full-wave rectifier, four 1N4148 diodes and a 820 uF capacitor was
used. The purpose of the full-wave rectifier is to make sure that the voltage induced by
the magnet and coil would produce a positive voltage regardless of direction of the
magnet. The capacitor serves as a way to smooth out the output voltage, keeping the
voltage intact in between cycles.Figure 3 shows the LTSpice schematic of the full-wave
rectifier.
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Figure 3. LTSpice schematic of the full wave rectifier
After simulating the full-wave rectifier with a 5V 1kHz sine wave, the voltage
across the capacitor came out to be expected. The max voltage was more or less close
to the max voltage of the input sine wave.The simulation result is shown below in Figure
4.
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Figure 4. LTSpice simulation of voltage across capacitor

After confirming that the schematic is working properly on breadboard, it was
sent to PCB manufacturing with an EAGLE schematic shown in Figure 5 below.

Figure 5. EAGLE schematic

Market Requirements
The device must be able to satisfy these market requirements and specifications.
These requirements are shown in Table 1 below.

9

Market
Requirements

Engineering Specifications

Justification

1,3

The system weighs less than 30 lbs.

Lightweight for portability

4

The system utilizes induction charging

The device uses a method
of generating power

5

The system outputs between 5V and
12V

This can charge phones
and power other devices.

5

The system has a USB output

This can interact with
phones and other devices.

6

The system limits current past 1A

Protects the user from the
system.

2

The system costs no more than $100

Low cost displays public
affordability

Market Requirements
1. Portability
2. Low cost affordability
3. Light Weight
4. Easy to use
5. Capable of working with phones
6. Safety
Table 1. Table of Market Requirements and Specifications

Bill of Materials
Item

Quantity

Price per
unit

DROK DC-DC Buck Voltage Converter

1

$10.00

CMS Magnetics Super Strong Neodymium Magnet

1

$6.65

1N4148 Diodes

4

$0.10

820 uF Capacitor

1

$0.10
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Primary Wired Coil

1

$4.34

Spring

1

$1.45

PCB Fabrication

1

$14.56

Total

$37.50
Table 2. Bill of Materials

Block Diagrams
Figure 6 shows the basic functions of the induction coil power generator in a
block diagram. It details the input and the output of the device.

Figure 6. Level 0 Block Diagram

Input

Output

Place the magnet in a coil

The USB output gains enough voltage to
power many devices.
Functionality

The device generates power through the use of induction coil. The voltage generated
is is converted from AC to DC via full wave rectifier. This voltage is then converted in
a DC-DC converter to obtain 5-12V.
Table 3. Induction Coil Power Generator Function Table
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Testing/Results
After testing the device, I came to the conclusion that the voltage induced from
the magnet and wired coil did not provide enough power for the DC-DC Buck Voltage
Converter. I determined this by testing various parts of the device. Using an
oscilloscope, I measured the voltage input of the full wave rectifier and the voltage
across the capacitor. Looking at the results shown below in Figure 7, the results came
out as expected as the DC voltage max was at 6.5V after being converted from a 8V
1kHz AC sine wave. From this, I can conclude that the full wave rectifier is working fine
as intended.

Figure 7. Waveform of input and output of full wave rectifier
I next tested the DC-DC Buck Converter and its interaction with the full wave
rectifier. Using a 7V 1kHz Sine wave input from the function generator into the full wave
rectifier, I was able to turn on my USB connected lamp using the DC-DC Buck
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Converter. Seeing that the lamp turned on, the DC-DC Buck Converter output enough
voltage for the lamp to turn on. This can be seen in Figure 8 below.

Figure 8. DC-DC Buck Converter properly working
The last component of the device was the wired coil and magnet. I tested how
much voltage it generated by using a digital multimeter to measure the ends of the
wired coil while I induced the coil with the magnet. The function generator constantly
changed, but it never exceeded past 1V as all measurements were in mV.

Conclusion
This project taught me many lessons. It taught me that projects are not as easy
as it sounds as the work behind the planning of said project is not trivial. It showed me
how important design rules were and the importance of the process. When getting
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started on the project, I found myself confused and lost as I didn’t know exactly where to
start. After going through this experience, I now am familiar with the process and should
approach it in the future. In addition, more time should be left aside since components
ordered online may not work in the intended design if there are any errors involved.
Overall this device would have better success if more time was spent on the power
generated from the coil and magnet as that was the random variable that halted the
project.
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